ABSTRACT Rat liver nuclear matrix and similar structures derived from isolated Chironomus polytene chromosomes, nuclear envelopes, and intranuclear bodies of frog late oocytes (the karyospheres) were studied by electron microscopy with platinum shadowing and negative staining. We have shown that the treatment of whole nuclei, nuclear envelopes, polytene chromosomes, or karyospheres with nonionic detergent, high salt, and RNase and DNase followed by dilute alkali or hyaluronidase digestion reveals numerous rather uniform granules 25-30 nm in diameter. With omission ofthe nucleases the granules appear to be associated with DNA strands mostly organized in loops. Many granules form clusters and are arranged in linear or arch-like aggregates or cycles resembling the pore complexes. We suppose that these spherical bodies constitute a basic component of the nuclear matrix, chromosome scaffold, and nuclear envelope and are bound together by hyaluronic acid or some similar glycosaminoglycan.
When isolated nuclei are extracted with a high-salt solution, the chromatin is removed and a nonhistone residue remains; most ofthe residue is soluble in dilute alkali (1) . Nuclei extracted with high-salt solution consist of residual nucleoli, intranuclear ribonucleoprotein network, and remnants of the nuclear envelope (NE) (2, 3) . By use of nuclear fractionation, a preparation designated "nuclear matrix (NM)" was isolated by the use of a mild nonionic detergent (Triton X-100), 2 M NaCl, and nucleases (4) (5) (6) (7) (8) .
Similar structures could be obtained from mitotic or polytene chromosomes ["chromosome scaffold" (9, 10)] and NE ["pore complex-lamina" (11, 12) ]. Similar morphological constituents [pore complexes (PCs) , fibrillar network, extracted nucleoli] are observed in an intranuclear body offrog late oocytes, the karyosphere (KS) (13) . The KS isolated from frog (Rana temporaria) oocytes may be regarded as a kind of NM (14, 15) . Apart from morphological similarity the above structures are also similar in their protein electrophoretic patterns (6-12, 14, 16) .
Fine morphology of the structures mentioned is confusing. PCs, fibrous lamina, fibrillar granular networks, and fibrillar nucleoli are usually described as major constituents (see reviews in refs. 6-8 and 17) . However, the PCs appear to occur in association with the synaptonemal complexes (14, 18, 19) and inside the nucleus (18, 20) . Thorough inspection of the NM with negative staining and scanning (20, 21) and stereo (22) electron microscopy reveals a number of particles similar to annular granules of the PCs which may be involved in the biogenesis of the latter (20, 21) . A similar opinion has been expressed by Maul (23) .
In this paper we report that these granules of rather uniform size and appearance can be separated from a tight structure by alkaline treatment or hyaluronidase digestion and that they appear to be a basic constituent of the NM, chromosome scaffold, and NE.
MATERIALS AND METHODS
Isolation of the Nuclei and NMs. The nuclei were isolated from the livers of Wistar rats as described (20) . The NMs were isolated according to Herlan and Wunderlich (24) by using 0.5% Triton X-100 (Merck, Darmstadt, Federal Republic of Germany), DNase I (Worthington), and RNase A (Reanal, Budapest, Hungary).
Isolation of Polytene Chromosomes, NEs, and KSs. Polytene chromosomes and NEs were isolated manually from Chironomus tentans salivary glands as described (10) . The KSs and NEs were isolated manually from ovaries offemale frogs (Rana temporaria; collected in the neighborhood of Moscow in March) in a medium consisting of 0.1 M KCVO. 1 M NaCl (3:1), 0.01 M MgCl2, and 5 mM CaCl2 dissolved in 0.01 M Tris-HCl buffer at pH 7.4 (14) .
Alkali Treatment. Isolated rat liver NMs were dialyzed against 0.05 M EDTA/10 mM Tris HCl, pH 7.0, at 4°C for 18 hr. Then they were sedimented at 105,000 x g for 1 hr, treated with 0.025 M NaOH at room temperature for 1 hr with stirring, and centrifuged at 100,000 X g for 1 hr. The pellet was redissolved in 0.025 M alkali for 30 min at room temperature and then centrifuged at 1,000 x g for 20 min. The pellet was discarded, the supernatant was neutralized with dilute HCl to pH 5.5-5.6, and the precipitate formed was gently sedimented directly on grids coated with Formvar/carbon and stained negatively with phosphotungstate at pH 7.4 or rotary shadowed with Pt/Pd.
Treatment of Isolated Chromosomes, NEs, and KSs and Hyaluronidase Digestion. Isolated chromosomes, NEs, and KSs were transferred, by pipetting in the isolation buffer, to freshly cleaved mica pieces. Then they were extracted for 30-60 min at4°C with 2 M NaCVO.5% Triton X-100/50 mM EDTA/ 50 mM Tris HCl, pH 8.0 (or 7.2 for KS). Salt extraction was followed by two changes of the same solution. Then, the material was gently washed three times with the appropriate enzyme buffer, digested with RNase A (500 ug/ml in 0.1 M Na acetate buffer at pH 5.2) for 15-20 min at room temperature, and then digested with DNase I (100 ,ug/ml in 10 mM Tris'HCl, pH 7.4/5 mM MgCl2) for The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
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alas, Leo, Helsingborg, Sweden; highly purified, no protease activity, 20,000 international units/mg) dissolved (100 ug/ml) in 10 mM Tris HCI buffer containing 5 mM MgCl2, to provide 150-200 international units (100 pl) for each mica piece; incubation was for 1 hr at room temperature. Occasionally, the KSs and NEs from frog oocytes were treated with dilute alkali at room temperature for 1 hr followed by neutralization with HCI to pH 5.5-5.6 instead of hyaluronidase as above. Electron Microscopy. The mica pieces were thoroughly washed with the buffers, rinsed with water, dehydrated with MeOH, stained (30 sec) with 1-2% uranyl acetate in MeOH, and dried. The pieces were then either evaporated with carbon or rotary-shadowed (7°-8°angle) with Pt/Pd. The replicas were detached from mica with warm (50-60'C) 4% (wt/vol) HF [modified from Ruzicka (25) ] or warm 0.1 M NaOH, washed with water, and mounted on grid (75-100 mesh) with Formvar and carbon.
The samples were examined with Philips 400 and JEM 7A (JEOL) electron microscopes. Stereo plates were taken with the Philips 400 electron microscope with a goniometer stage (tilting angles, ± 120).
Polyacrylamide Gel Electrophoresis. The electrophoresis was performed in a 10% polyacrylamide gel containing NaDodSO4 according to the molecular weight (26) . The electrophoregrams were stained with silver (27) . RESULTS Granules with a diameter of 25-30 nm could be isolated from rat liver NM by treatment with dilute alkali or hyaluronidase. These granules occupied the major part ofthe field ofvision and appeared to constitute the bulk of the preparation (Fig. 1 a and  b) . Single granules could be discerned in aggregations and clumps of the nuclear skeletal structure as well.
The electrophoretic pattern ofthese granules revealed major polypeptide bands with molecular weights of about 30,000, 52,000, 67,000, 120,000, and 200,000 (Fig. 2) .
Similar treatment of the KS, representing a special type of NM (14, 15) , resulted in the appearance of the same type of granules (Fig. ic) . The granules tended to aggregate, forming linear, arch-like, and ring-like clusters. The last type of aggregates was similar to the PCs but less homogeneous. They especially resembled the heterogeneous PCs at the fibrous lamina ofthe NM, devoid ofthe membrane structure (20, 21, 28) . Similar patterns were observed in the NE offrog oocytes (Fig. ld) . Along with separate granules, aggregates of PCs or similar structures are also seen.
Similar patterns could be seen in the case of salivary gland polytene chromosomes of C. tentans larvae and when enzyme steps were reversed or RNase was omitted (Fig. 3a) . The globular as well as ring-like granules with a rim at the periphery were distinct. The globular and ring-like (22) granules had the same size, and it is not clear whether they differed per se or only in fixation or shadowing. Apart from a "cascade" of particles, a relatively tight chromosome scaffold structure in which granules similar to those detached from the scaffold also may be discerned in Fig. 3a responding pattern derived from the NE treated with RNase, DNase, and hyaluronidase on mica (Fig. 3b) is practically similar. A similar type of granules may be observed.
After a similar treatment ofpolytene chromosomes but without nucleases, the bulk of the DNA was preserved and extensively dispersed. This partly sheared DNA was mostly associated with the above granules (Fig. 4) . These aggregates resemble "rosettes"; however, longer threads or loops of DNA attached to the granules also were seen. After DNase treatment the DNA threads disappeared and the granules became more distinct (Fig. 3a) .
DISCUSSION
Our results show that, after treatment of the NM, NE, or polytene chromosomes with dilute alkali or with hyaluronidase, rather homogeneous granules 25-30 nm in diameter are separated and distinctly revealed. Similar granules may be observed in untreated preparations of the NM, NE, and chromosomes as well. However, after loosening (hyaluronidase treatment) they are revealed much better. The granules observed in treated or nontreated NM, NE, and chromosomes entirely correspond in their appearance and size to the free granules and to the annular granules of the PCs.
Similar granules or "alveoli" were observed at the surface of the fibrous lamina of the NM by scanning electron microscopy (20, 21) . These observations as well as a significant change in the PC density at the nuclear surface in regenerating liver and after x-ray irradiation of the animals were regarded by us as an evidence of the formation of the PCs at the fibrous lamina and its invaginations inside the nucleus (refs. 20 Granules of similar type were observed after various treatments of the nuclear material by other workers as well (29, 30) . Similar granules may be discerned at the periphery of the NM or of the chromosome scaffold in published electron micrographs ofvarious workers (31-33); however, they were not studied in detail and were frequently regarded as undegraded nu- cleosomes.
On the basis of wide distribution of the granules described, it is reasonable to regard them as a basic structural element of the NM, NE, and chromosome scaffold.
It appears that the granules are associated with the DNA and thus represent the sites of attachment of the DNA to the NM, NE, and chromosome scaffold. On this basis we propose a scheme of association of the granules with DNA and, correspondingly, a scheme of the structure of chromomeres and of a polytene chromosome (Fig. 5) . Only the skeleton of the structures mentioned and their association with dehistonized DNA are presented in the scheme.
The assumption of aggregation of the granules in ring-like structures of higher order resembling PCs may be important. These PCs or similar structures may form "rosettes" with the DNA and attach DNA loops, consistent with the popular concept that the bases of these loops are attached to the NM or chromosome scaffold (16, 34, 35) .
The proposed scheme and the results of this study suggest uniformity of the NM, NE, and chromosome scaffold structures. This uniformity is confirmed by a similarity of electrophoretic patterns of the structures in question (e.g., ref. 16 ). On the other hand, immunological data suggest a difference in antigenic nature of the NM and NE (36, 37 proteins of the NM within the periphery of the interphase nucleus without any reaction inside the nuclei and the appearance of the intranuclear reaction after treatment of the cells with detergent and high salt (38) . In mitotic cells the staining is considerably brighter in the cytoplasm than in the interphase nucleus (38) , showing the importance of the state of the protein antigen for its reaction with the antibody in indirect immunofluorescence.
Isolation of the granules by alkaline treatment of the NM and precipitation at pH 5.5 suggests that a protein similar to the "acidic protein" of the nuclei described formerly (1) predominates. Electrophoresis of the granule proteins shows the major bands of molecular weight 30,000, 52,000, 67,000, 120,000, and 200,000; the first three bands correspond to protein bands most tightly bound to DNA (16) , whereas high molecular weight bands appear to be similar to those described in the PCs (39) .
The relationship of the granules in question to fibrillar structures of the NM (e.g., refs. 6, 8 and 17) remains unclear. However, it is possible that the granules may consist of smaller subparticles and these subparticles may form fibrils. Alternatively, the proteins ofthe granules may undergo a G-F transition-i. e, may be transformed in a globular or a fibrillar form-and thus constitute different types of structure. This latter possibility is suggested by a transition of the NM proteins to the cytoplasm during mitosis (38) and by the ability of fibrous lamina proteins to undergo a reversible polymerization-depolymerization (40) .
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